Background Intestinal malrotation results from errors in fetal intestinal rotation and fixation. While most patients are diagnosed in childhood, some present as adults. Laparoscopic Ladd's procedure is an accepted alternative to laparotomy in children but has not been well-studied in adults. This study was designed to investigate outcomes for adults undergoing laparoscopic Ladd's repair for malrotation. Methods We performed a single-institution retrospective chart review over 11 years. Data collected included patient age, details of pre-operative work-up and diagnosis, surgical management, complications, rates of re-operation, and symptom resolution. Patients were evaluated on an intent-to-treat basis based on their planned operative approach. Categorical data were analyzed using Fisher's exact test. Continuous data were analyzed using Student's t test. Results Twenty-two patients were identified (age range 18-63). Fifteen were diagnosed pre-operatively; of the remaining seven patients, four received an intra-operative malrotation diagnosis during elective surgery for another problem. Most had some type of pre-operative imaging, with computed tomography being the most common (77.3 %). Comparing patients on an intent-to-treat basis, the two groups were similar with respect to age, operative time, and estimated blood loss. Six patients underwent successful laparoscopic repair; three began laparoscopically but were converted to laparotomy. There was a statistically significant difference in hospital length of stay (LOS) (5.0 ± 2.5 days vs 11.6 ± 8.1 days, p = 0.0148) favoring the laparoscopic approach. Three patients required re-operation: two underwent side-to-side duodeno-duodenostomy and one underwent a re-do Ladd's procedure. Ultimately, three (two laparoscopic, one open) had persistent symptoms of bloating (n = 2), constipation (n = 2), and/or pain (n = 1).
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Conclusion Laparoscopic repair appears to be safe and effective in adults. While a small sample size limits the power of this study, we found a statistically significant decrease in LOS and a trend toward decreased postoperative nasogastric decompression. There were no significant differences in complication rates, re-operation, or persistence of symptoms between groups.
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Intestinal malrotation is an uncommon congenital disorder resulting from errors in fetal intestinal rotation and fixation.
Represented by a range of clinical presentations and aberrations in anatomy, most patients are diagnosed in infancy and early childhood, typically before 2 years of age [1] . In infancy, malrotation classically presents with bilious emesis, and the gold standard for diagnosis is an upper GI series which should demonstrate an abnormal location of the duodenal-jejunal junction and, in the case of volvulus, an abrupt cut-off of contrast in the small intestine.
Less commonly, patients may remain undiagnosed into adulthood. This population may present with a variety of symptoms including weight loss, vomiting, abdominal pain, and other non-specific gastrointestinal complaints, often making diagnosis difficult.
Treatment of malrotation at any age is performed surgically via the Ladd's procedure. This operation is designed to treat both acute problems and reduce the potential for future volvulus. Its steps include reduction of midgut volvulus, if present; complete lysis of adhesive colo-duodenal (Ladd's) bands; widening of the base of the mesentery; and prophylactic appendectomy. [2] Historically the open approach was favored for this procedure as development of post-surgical adhesions may actually benefit these patients by providing some degree of fixation for their large and small intestines, which do not demonstrate the normal retroperitoneal fixation points beyond the Ligament of Treitz. More recently, the laparoscopic approach has become an accepted alternative to laparotomy in children [3, 4] but the use of the laparoscopic approach in the adult patient has not been well-studied.
The aim of this study was to investigate the presentation, management, and outcomes of adult patients with malrotation and to determine if laparoscopic Ladd's procedure was a safe and effective treatment option for adults with intestinal malrotation.
Materials and methods
After IRB approval was obtained, a retrospective chart review was performed for all patients C18 years of age treated for intestinal malrotation at a single tertiary-care academic institution. Patients were identified using CPT code 44055 (''correction of malrotation by lysis of duodenal bands and/or reduction midgut volvulus (e.g., Ladd Procedure)'') through surgical billing records between 2002 and 2013. Diagnosis of congenital malrotation or non-rotation was confirmed for each patient through chart review.
Data collected included demographic data such as patient sex and age at diagnosis, as well as details from preoperative work-up, peri-operative management, and postoperative care. Pre-operative data included pre-operative diagnosis, presence and type of pre-operative imaging, and American Society of Anesthesiologists (ASA) classification score. Operative data consisted of type of procedure, operative time, estimated blood loss (EBL), presence of volvulus, whether a pediatric surgeon was consulted, and whether appendectomy was completed. Post-operative data included the presence and timing of any major and minor complications, length of nasogastric (NG) tube decompression, hospital length of stay (LOS), need for re-operation, and persistence of symptoms.
When comparing laparoscopic versus open Ladd's procedure, patients were evaluated on an intent-to-treat basis. Data were analyzed using SAS version 9.2 (SAS Institute Inc, Cary, NC). Categorical data were analyzed using Fisher's exact test. Continuous data were analyzed using Student's t test. Time to first complication was analyzed using the methods of Kaplan and Meier and compared between groups using a Log-Rank test. A two-tailed p value B0.05 was considered statistically significant.
Results
A total of twenty-two patients were identified (Table 1) . Ten (45 %) were male. The average age was 38.6 years, and ranged from 18 to 63. Fifteen patients were diagnosed with malrotation pre-operatively and underwent a planned Ladd's procedure. The remainder received an intra-operative diagnosis, including two originally diagnosed with small bowel obstruction, one who presented with pneumoperitoneum, and four patients who were found to have malrotation during an elective procedure for an alternative diagnosis [takedown of a gastro-cutaneous fistula (1); gastric bypass and repair of ventral hernia (2); laparotomy for an intra-abdominal mass (1)].
Twelve patients presented acutely, with pain, nausea and vomiting consistent with acute bowel obstruction (n = 6); pain without evidence of obstruction (n = 5); and intussusception (n = 1). Seven patients presented with nonacute symptoms and generally had more than one complaint, the most common being pain (71.4 %) and nausea/ vomiting (51.7 %). Other, less common complaints included reflux (42.9 %), weight loss or constipation (28.6 % each), and anorexia, diarrhea, or delayed gastric emptying (14.3 % each).
Three patients denied any symptoms whatsoever. Two were diagnosed intra-operatively during another, elective procedure. The third underwent computed tomography (CT) of the abdomen and pelvis during a work-up for acute appendicitis at which time malrotation was found. After undergoing appendectomy, she was referred for elective correction of her malrotation. Twenty patients underwent pre-operative imaging. CT of the abdomen and pelvis was the most common imaging modality at 81.8 %.
Thirteen patients (59.1 %) underwent laparotomy without attempt at laparoscopy. Six patients (27.3 %) underwent successful laparoscopic Ladd's procedure; three patients (13.6 %) began laparoscopically but converted to laparotomy ( Table 2 ). There were no significant differences between type of repair based on patient acuity on presentation (p = 0.8637). Attempted and successful laparoscopy became more common as time progressed (Fig. 1 ). Conversions were all pre-emptive in nature and per the operative notes, were due to 'poor visibility,' 'bowel distension,' and 'concern for volvulus.' Conversion patients had statistically significant increased operative time (244.7 ± 39.9 min, p = 0.0184) and higher EBL (250 ± 304.1) compared to laparoscopy patients (Table 3) . A pediatric surgeon was involved in 18 (81.8 %) of the twenty-two cases (Table 4 and 5).
Twelve adult general surgeons and six pediatric surgeons were involved in these operations The involved adult general surgeons completed between one and four cases each over the study time period; the pediatric surgeons were involved in between one and six cases. Table 4 lists the extent of pediatric surgery involvement, surgical approach, and complications. The most common level of involvement was enlisting a pediatric surgeon to scrub and assist with the Ladd's procedure. There were no significant differences in surgical approach (p = 0.4138), when evaluated by the degree of pediatric surgeon involvement. The majority of complications also occurred in this patient cohort, which tended to present with acute symptoms and contained 67 % of emergent cases.
Comparing patients undergoing laparoscopy versus laparotomy on an intent-to-treat basis, there were no significant differences in age, operative time, EBL, or need for NG decompression (Table 5 ). Laparotomy patients had higher ASA scores (p = 0.0011) than those who underwent laparoscopic Ladd's procedure. There were no significant differences in complication rates, need for re-operation, or symptom resolution. There was a statistically significant decrease in length of stay following laparoscopy compared to open surgery (5.0 ± 2.5 days vs 11.6 ± 8.1 days, p = 0.0148). Table 6 lists all complications at the time of our chart review. 75 % of patients undergoing laparotomy experienced at least one complication, compared to 50 % of patients undergoing successful laparoscopy and 33 % of patients who required conversion. There were no significant differences in rates for any complication when stratified by laparoscopic versus open approach on an intent-totreat basis (p = 0.09) or by degree of pediatric surgeon involvement (p = 0.4820).
All patients had at least one follow-up appointment following their Ladd's procedure. Mean follow-up was 52.1 months (range 3.1-131.9). Three patients had undergone re-operation at the time of our chart review. One required a re-do Ladd's procedure 17 months after a previous open repair for persistent and worsening symptoms. Two patients required side-to-side duodeno-duodenostomy. The first had persistent high naso-gastric output after an open Ladd's procedure, with imaging demonstrating a high-grade duodenal obstruction. On re-operation, she was found to have significant adhesions obstructing the third portion of her duodenum. The second presented several weeks after discharge from a laparoscopic Ladd's with right upper quadrant pain and intermittent emesis after ingestion of solid foods. Imaging was concerning for cholecystitis but also identified a sharp angulation at the second portion of the duodenum. On operative exploration, she was found to have significant retroperitoneal adhesions and relative decompression distal to these adhesions. Three patients (two laparoscopic, one open) had one or more persistent symptoms of bloating (n = 2), constipation (n = 2), and/or pain (n = 1) (p = 0.54).
Discussion
Management of intestinal malrotation in adult patients has not been extensively studied to date. The infrequency of this diagnosis and the myriad complaints and presentations of this patient population create multiple challenges for designing and executing a randomized controlled trial comparing surgical management techniques. While several retrospective cohorts of adult patients have been evaluated [5, 6] , the literature is scant on adult outcomes after open versus laparoscopic repair.
Conventional wisdom dictates that patients who have undergone laparotomy are at higher risk for forming postoperative adhesions than patients undergoing laparoscopy. Rates of adhesion formation after laparotomy range from 50 to 90 % [7] , while studies indicate reduced frequency and severity of adhesions after laparoscopic procedures in animal models [8] [9] [10] and human studies [11, 12] . The importance of adhesion formation in Ladd's patients is unclear, as the pediatric population appears to do well after laparoscopic repair [3, 4] . If laparoscopy can provide adult as well as pediatric patients with an acceptable surgical repair, it would suggest that adhesions may not be critical to long-term success in this patient population. Many pediatric surgeons now feel that the true mechanism of repair in a Ladd's procedure is the widening of the mesentery and reducing the likelihood of volvulus, and that adhesion formation may actually be detrimental if it renarrows the base of the mesentery. In that case, laparoscopy may not only represent a superior repair for this condition, but the approach may provide benefits seen in other types of laparoscopic surgery including decreased postoperative pain [13, 14] , improved cosmesis [15, 16] , and shorter hospital stays [14, 17] . In contrast to a similar retrospective review in which the majority of patients presented with chronic symptoms [18] , a significant fraction of our patients had either acute or non-existent symptoms. Only seven of our twenty-two patients presented with chronic symptoms. Notably, one of these patients also had an intra-abdominal tumor and received an intra-operative diagnosis of malrotation, making it difficult to ascertain the source of her symptoms.
Of the 12 patients who presented with acute symptoms, eight were taken for laparotomy including six who underwent emergent surgery. Laparoscopy has traditionally been contra-indicated in high-acuity patients and those undergoing urgent or emergent surgery, although several studies have demonstrated non-inferiority for carefully-selected patients for management of acutely incarcerated [19, 20] and strangulated [21] inguinal hernias and acute small bowel obstruction [22] [23] [24] . Likewise, a retrospective review of patients in NSQIP undergoing emergent laparoscopic or open colectomy for diverticulitis found no significant differences in 30-day morbidity and mortality in a propensity-matched cohort [25] . The successful completion of three laparoscopic cases in patients with acute presentation, including one with a partial small bowel obstruction, suggests that surgeons comfortable with complex laparoscopy may choose to consider a minimally invasive approach for patients with malrotation. As with other acute surgical problems, careful patient selection is vital, and there should be a low threshold for conversion to laparotomy.
Our older charts do not provide electronic copies of patient daily progress notes, but discharge summaries for several of our non-acute laparoscopic patients do note ''bloating'' and ''prolonged ileus,'' consistent with their 5-6 day hospitalizations. Based on our experiences, we would advocate for gentle handling of the duodenum to minimize the potential for ileus, but not at the expense of ensuring a thorough Kocherization and release of Ladd's bands as a key component of the surgical repair.
In our series, there were three conversions from laparoscopic repair to traditional laparotomy. All three conversions were pre-emptive, rather than reactive or due to iatrogenic injury. All three cases involved intra-operative consultation with, and assistance by, a pediatric surgeon. Nevertheless, comparison of these three patients to those who successfully underwent laparoscopic repair shows that the converted patients had longer operative times, greater EBL, and longer length of stay. The increased length of stay is not surprising given that these patients ultimately (1) underwent laparotomy. Further investigation demonstrates that two of these patients underwent another procedure at the time of their Ladd's repair including a re-do Nissen (performed prior to conversion) and a partial colectomy (performed after conversion). It is therefore difficult to determine what role conversion, as opposed to these additional procedures, played in contributing to the unexpectedly high operative time and EBL in this small sub-group. A notable proportion of patients undergoing surgery experienced some form of complication. Laparotomy patients were more likely to have major complications including unanticipated ICU stay and aspiration on induction of anesthesia. However, given that a large number of these patients needed urgent or emergent surgery, it is difficult to separate which complications are attributable to the nature of their presentation rather than the type of surgery received. Similarly, surgical approach, hospital length of stay, and rates of complications are tightly coupled with the severity of a patient's illness upon presentation. As such, it is difficult to determine how much the surgical approach, rather than sequelae of acute illness, contributed to length of hospitalization. Patients presenting acutely who underwent laparotomy had an average LOS of 12.5 versus 4.3 days for those undergoing successful laparoscopy. Similarly, patients with non-acute presentations and no symptoms also had decreased LOS associated with laparoscopic procedures. While even an attempt at laparoscopy may indicate a healthier patient, the differences seen here may give us some idea of the morbidity associated with various surgical approaches.
Patients undergoing laparoscopy or conversion, in general, had fewer complications. There were no wound problems in this group versus two in the laparotomy group. It is unclear why conversion patients had such low rates of complications, although this finding may be partially explained by the fact that none of them underwent urgent or emergent surgery. As a whole, the cohort of laparoscopy and conversion patients were more likely to be re-admitted than laparotomy patients (3/9 vs 1/12). In light of the fact that laparoscopy patients had a statistically shorter length of hospital stay, it may be that, in retrospect, some of these patients may have demonstrated that they were not yet ready for discharge; with such small numbers of patients, it is difficult to know whether this pattern would be borne out in a larger patient cohort. In an era where reimbursement is dependent on avoiding readmissions, this warrants further study.
While this study represents one of the largest series of adults with malrotation, the retrospective and single-institution nature of this study makes generalization difficult. Additionally, the patient population remains small due to the overall rarity of this disease process. Patient acuity, surgical approach, and complications and length of stay are difficult to separate in a small retrospective study. Lastly, many of the acute procedures were performed by surgeons without significant advanced laparoscopic training and as such, the results may vary in the hands of expert laparoscopists. Despite these limitations, we conclude that the laparoscopic approach appears to be a safe and effective means to treat adult patients with intestinal malrotation. Additionally, the laparoscopic approach may lead to decreased length of stay and fewer wound complications while maintaining similar outcomes with respect to prevention of future risk of volvulus and symptom resolution.
